Abstract. Glioma is one of the most deadly central nervous system tumors around the world. Uncontrollable cell proliferation and invasion are key factors of cancer progression as well as glioma. Available evidence suggests that bromodomain PHD-finger transcription factor (BPTF) plays an important role in stem cell proliferation and differentiation, as well as in progression of some tumors, but there is little data on glioma. Therefore, the present study aimed to explore the functional role and potential clinical value of BPTF in glioma. Public database, real-time PCR and western blotting were used to detect the expression of BPTF in glioma tissue and cells. The relationship between BPTF with clinicopathological features and the prognosis of glioma patients was analyzed by immunohistochemical staining in 113 cases of paraffin-embedded primary glioma specimens. Furthermore, cytological experiments were conducted to elucidate the functional role of BPTF in glioma U251 cells, as well as the potential molecular mechanism. The expression of BPTF in glioma tissues was significantly higher than that in normal brain tissues. The association analysis results revealed that high BPTF expression was significantly associated with WHO grade and tumor size. Survival analysis revealed that the BPTF high-expression group had poorer overall survival (OS) and progression-free survival (PFS) compared with the low-expression group. Univariate and multivariate Cox regression analyses revealed that BPTF expression was an independent prognostic factor for the OS and PFS of glioma patients. Cytological experiments revealed that BPTF overexpression could significantly promote the proliferation, migration and invasion of human glioma U251 cells. A study of the underlying mechanism indicated that BPTF promoted glioma progression via MYC signaling. Our results preliminarily indicated that BPTF promoted glioma progression via MYC signaling and may be a potential prognostic biomarker and therapeutic target for glioma patients.
Introduction
Tumors of the central nervous system (CNS) represent a relatively rare but serious health burden in terms of morbidity and mortality (1) . Approximately 2% of all adult malignancies are brain tumors, and 80% of them are glioma (2) . Despite important progress in diagnostic and therapeutic techniques over the past decades, the prognosis for patients with high-grade gliomas (WHO grade III and IV tumors) remains discouraging (3) . One of the most important reasons for this, is that the molecular mechanism of glioma progression is still unclear. Thus, it is essential to understand the mechanism of glioma invasion and metastasis and develop new therapeutic strategies.
It is already known that the main differences between tumor cells and normal cells lie in the different cell properties. Hanahan and Weinberg have concluded these properties as the ten hallmarks of cancer, such as sustaining proliferative signaling, activating invasion and metastasis (4) . However, the precise mechanisms of regulating these hallmarks still need to be clarified. Existing researches have demonstrated that signaling pathways such as MYC, TGF-β/Smad and Notch are involved in the occurrence and development of cancer (5, 6) . Thereby, the malignant biological behaviors of cancer cells which differentiate from normal cells are mainly a result of the aberrancy of these signaling pathways.
Bromodomain PHD finger transcription factor (BPTF) is located at chromosome 17q24.3 and is involved in transcriptional regulation and chromatin remodeling in many biological processes (7) . The completed sequence of human BPTF encodes a predicted protein of 2,781 amino acids, which contain typical features of bromodomain, two PHD fingers and an extensive glutamine-rich acidic domain (8) . Previous research indicated that BPTF mainly participated in embryonic development (9) . The multiple signaling mechanisms in embryonic development are always associated with tumor development and progression. Another study revealed that BPTF could regulate chromatin remodeling and control Bromodomain PHD-finger transcription factor promotes glioma progression and indicates poor prognosis neuroectodermal differentiation, which was also correlated with cancer development (10) . In addition, BPTF was also revealed to be involved in a variety of tumor-related signaling pathways such as MYC and Smad (10, 11) . Furthermore, previous studies confirmed the cancer-promoting role of BPTF in colorectal and lung cancer (12, 13) . These findings indicated that BPTF may play an important oncogenic role in cancer progression. However, there are no studies on the functional role and molecular mechanisms of BPTF in glioma.
In the present study, we first examined the expression of BPTF in glioma and assessed the relationship of BPTF expression with the prognosis of glioma patients. We further identified the functional role of BPTF in the U251 cell line and explored the potential molecular mechanism. Therefore, our findings provided a new understanding of BPTF in glioma progression and may reveal a novel potential therapeutic target for glioma.
Materials and methods
Patients and tissue specimens. Ten pairs of fresh-frozen glioma tissue and their corresponding normal brain tissue were randomly selected. Another 113 cases of paraffin-embedded glioma tissue samples were also randomly obtained from Haikou People's Hospital from January 2010 to December 2014. All the gliomas were pathologically confirmed by 2 independent pathologists according to the 2007 WHO classification. The fresh-frozen glioma tissue and normal brain tissue were analyzed by real-time quantitative reverse-transcription polymerase chain reaction (real-time PCR) and western blotting (WB). The paraffin-embedded glioma tissue samples were detected by immunohistochemical staining (IHC). All patients eligible for the present study had undergone surgery, and were routinely followed-up and detailed clinicopathological and survival data was collected. Among them, 52 were female and 61 were male and the median age was 47 years (range, 21-82 years). Magnetic resonance imaging (MRI) or contrast-enhanced MRI was performed every 6 months to detect tumor relapse or metastasis after surgery. Overall survival (OS) was defined as the time from the surgery to the death of the patient or the last follow-up visit. Progression-free survival (PFS) was defined as the time from the surgery to the first evidence of recurrence, progression, or death. All patients provided signed written informed consent. The study was approved by the Ethics Committee of Haikou People's Hospital in accordance with the Declaration of Helsinki.
Real-time PCR. Total RNA was extracted from the fresh-frozen specimens using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the specifications of the instructions. Real-time PCR was performed using the SYBR-Green Real-Time PCR Master Mix (Toyobo Co., Ltd., Osaka, Japan) as the manufacturer's instructions described. An ABI 7100 Real-Time Quantitative PCR System (Applied Biosystems, Foster City, CA, USA) was used, in which each reaction (25 µl) contained 10 µl PCR Master Mix (Ambion; Thermo Fisher Scientific, Inc.) and 1.3 µl RT product, and each sample was analyzed in triplicate. The PCR reaction was conducted at 95˚C for 10 min, followed by 40 cycles at 95˚C for 15 sec and 60˚C for 1 min. The reactions were performed in two independent assays. The primers of BPTF were as follows: Forward, 5'-GGA GAG ATG TTG GTC CTT ATG GC-3' and reverse, 5'-CTT TCC TCT GAG GTG TAG GCG T-3'; β-actin was used as a control using the following primers: Forward, 5'-CAC CAT TGG CAA TGA GCG GTT C-3' and reverse, 5'-AGG TCT TTG CGG ATG TCC ACG T-3' . The results were analyzed using the 2 -ΔΔCq method as previously described (14) . 
Immunohistochemistry (IHC).
The tissue specimens were fixed with 10% formalin and then embedded in paraffin; 4-mm sections were cut and placed on silane-coated slides for immunohistochemical analysis. Each slide of the specimens was stained with hematoxylin and eosin (H&E) and microscopically examined to confirm the pathological diagnosis. The paraffin-embedded sections were dewaxed and pretreated with 0.01 M sodium citrate buffer (pH 6.0) for 15 min at 95˚C for tissue antigen retrieval. Then, these sections were incubated with 3% hydrogen peroxide for 20 min at room temperature to block endogenous peroxidase. After rinsing three times for 2 min with phosphate-buffered saline (PBS), 10% goat serum was added as a blocking liquid, and incubated for 15 min at room temperature. Next, the serum was removed, and the appropriate diluted primary antibody (BPTF; dilution 1:250; cat. no. ab72036; Abcam) was added to each section and incubated overnight at 4˚C. After rinsing the primary antibody using PBS, the sections were handled according to the manufacturer's recommendations (PV-9000; Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd., Beijing, China) and counterstained with hematoxylin; then dehydration was conducted by graded ethanol followed by the addition of xylene to render the sections transparent. Finally, the slides were covered with neutral balsam, and then observed and mounted with a Leica DM2000 optical microscope (Leica Microsystems, Wetzlar, Germany) and ImageJ k1.45 software (National Institutes of Health). The staining intensity of BPTF was scored according to a previous study: -(negative), + (weak), ++ (moderate) and +++ (strong). Stained tissues with '-' and '+' were considered as the BPTF low-expression group, and '++' and '+++' were considered as the BPTF high-expression group (13) . The staining was evaluated by two separated senior pathologists on a multi-head microscope with anonymous patient information.
Lentiviral vector construction and cell transduction.
Full-length human BPTF overexpression clone plasmid and targeting shRNA (shRNA) lentivirus and their control vectors were purchased from Shanghai GeneChem Co., Ltd. (Shanghai, China). The transfection process was conducted according to the manufacturer's instructions. Puromycin (2 µg/ml) (Thermo Fisher Scientific, Inc.) was used to select stable clones if necessary. The transfection efficiency was assessed by fluorescence microscopy, real-time PCR and western blotting.
Proliferation assay. The proliferation capacity of cancer cells was assessed by colony formation assay. Cells were seeded into 6-well plates with a density of 5x10 2 cells/well, and cultured for ~2 weeks with fresh medium replaced every week. Then colonies were stained with crystal violet and counted by ImageJ software k1.45 (National Institutes of Health) and only the colonies containing >50 cells were counted and plotted. All the experiments were replicated in triplicate.
Migration and invasion assays. Migration ability of cancer cells was assessed by wound-healing and Transwell assays. In the wound-healing assay, the cells were cultured into 6-well plates at a density of 2x10 5 cells/well. When the cells grew to 90% confluence, they were incubated with mitomycin-C (10 µg/ml) for 1 h to suppress proliferation and then starved in serum-free medium for 24 h. An artificial wound was created by scraping the cell confluent monolayer with a 10-µl pipette tip. The migration gap of the wound was assessed after 48 h. The migration and invasion potential was also evaluated by Transwell assay. The cells were treated with mitomycin-C (10 µg/ml) for 1 h at 37˚C in serum-free medium and then plated into the upper chamber. For the migration assay the cells were seeded with a density of 2x10 4 cells/insert, and for the invasion assay cells are seeded into the top chamber coated with Matrigel (BD Biosciences, Franklin Lakes, NJ, USA) at a density of 4x10 4 cells/insert. Then DMEM with 10% fetal bovine serum (FBS) was added into the bottom chamber. After incubation for 24-48 h, the cells adhering to the lower membrane of the inserts were stained with 0.1% crystal violet and observed by a Leica DM2000 optical microscope (Leica Microsystems) then counted by ImageJ k1.45 software (National Institutes of Health). All the experiments were replicated in triplicate.
Public database analysis. The public database Oncomine (https://www.oncomine.org) was used for analyzing the expression of BPTF in glioma. 'BPTF' was used as a keyword in the Oncomine search, 'Cancer vs. Normal Analysis' was chosen as the primary filter, and 'brain and CNS cancer' was chosen as the cancer type, and 'mRNA' was chosen as the data type. The expression of BPTF was presented in multiple data sets including Rickman's and Murat's. The BPTF expression level was log-transformed and median-centered per array for analysis. The GCBI (http://www.gcbi.com.cn) and COXPRESdb (http://coxpresdb.jp) databases were used to analyze the interaction and co-expressed genes with BPTF.
Statistical analysis. All data were analyzed using the SPSS statistical software, version 18.0, for Windows (SPSS, Inc., Chicago, IL, USA). A Student's t-test (two-tailed) was used for statistical analysis of continuous data between two groups such as the relative expression level of BPTF in tumor and normal brain tissue. Multiple comparisons of continuous data among the control, BPTF-overexpression and BPTF-knockdown groups was analyzed by one-way ANOVA test followed by Tukey's post hoc test. Pearson Chi-square test was used for all of the categorical data. Survival curves were constructed using the Kaplan-Meier method and evaluated using the log-rank test. The univariate and multivariate Cox proportional hazards regression models were established to identify factors that were related or independently associated with the survival of glioma patients. A P-value of <0.05 was considered to indicate a statistically significant difference.
Results

BPTF expression is significantly elevated in gliomas tissue.
We first analyzed BPTF expression by utilizing the public database Oncomine. The results revealed that the expression level of BPTF in brain tumor tissue was significantly higher than that in normal brain tissue in most of the public data (Fig. 1A) . Since astrocytoma and glioblastoma account for >70% of total glioma cases, we then chose Rickman's (astrocytoma) and Murat's (glioblastoma) data for further analysis. The results revealed that BPTF expression in astrocytoma and glioblastoma were both higher than that in normal brain tissue (Fig. 1B and C) . Then, the BPTF mRNA expression of 8 pairs of fresh-frozen glioma tumor tissue and corresponding normal brain tissue from our hospital were also detected by real-time PCR. The results revealed that glioma tissues had significantly higher BPTF mRNA expression levels than the corresponding normal brain tissues (Fig. 1D) . Consistent with the mRNA expression, the western blotting results also revealed that the expression of BPTF protein in glioma tissue was significantly higher than that in the corresponding normal brain tissue (Fig. 1E) . These data clearly demonstrated that BPTF expression was significantly elevated in gliomas tissues.
High BPTF expression predicts poor prognosis in glioma patients. To further explore the BPTF expression pattern in glioma clinical samples and the correlation with clinicopathological characteristics and survival, we detected the BPTF protein expression in 113 cases of paraffin-embedded glioma tissues by immunohistochemistry. Immunohistochemical staining revealed BPTF positive staining mainly expressed in the cytoplasm and/or the nuclei of the tumor cells ( Fig. 2A ). There were 69 (69/113, 61.1%) cases that had BPTF positive staining, including 46 (46/113, 40.7%) cases of high BPTF expression. Then, we analyzed the expression of BPTF with clinicopathological features, and found that high BPTF expression was significantly correlated with tumor size (P<0.001) and WHO grade (P= 0.001), but had no statistical significance with sex, age, tumor location, tumor cystic change, tumor necrosis and KPS score (Table I) . Subsequently, the survival curve was constructed and the survival rate difference between the groups was analyzed by log-rank test. The results revealed that the BPTF low-expression group had favorable overall survival (OS) (P<0.001; Fig. 2B ) and progression-free survival (PFS) (P<0.001; Fig. 2C ) compared with the BPTF high-expression group. Furthermore, univariate and multivariate Cox regression analyses both indicated that BPTF expression was an independent prognostic factor for the OS and PFS of glioma patients (Tables II and III) . These results indicated that BPTF may be a useful prognostic biomarker for glioma patients and may be involved in the progression of glioma.
BPTF enhances proliferation and invasion of human glioma cells in vitro.
To study the biological function of BPTF in glioma, we constructed BPTF overexpressed (named U251 BPTF-OE ) and knocked down (named U251 BPTF-KD ) plasmids and transfected them into glioma U251 cells. We first examined the proliferation ability by colony-forming assay. The results revealed that BPTF overexpression increased the size and number of U251 cell colonies, while BPTF knockdown decreased the size and number of colonies compared to their control (Fig. 3A) . Then, we detected the effects of BPTF on motility and migration by wound healing and Transwell assays. In comparison with the control cells, wound healing and Transwell assays revealed that BPTF overexpression significantly enhanced the motility and migration of U251 cells (Fig. 3B and C) . Then, the Transwell Matrigel invasion assay revealed that BPTF overexpression increased the number of cells that invaded through the Matrigel membrane which indicated that BPTF enhanced the invasiveness ability of U251 cells (Fig. 3D) . Conversely, knockdown of BPTF in U251 cells significantly reduced the motility and migration (Fig. 3B and C) and invasive capacity of cells (Fig. 3D) . These results indicated that BPTF could enhance malignant characteristics of U251 cells in vitro. 
BPTF expression ----------------------------------------------------------------------
BPTF promotes glioma growth and invasion via Myc signaling.
Next, we wanted to explore the potential molecular mechanism of BPTF in the promotion of glioma proliferation and invasion. We first utilized the Gene-Cloud of Biotechnology (GCBI; https://www.gcbi.com.cn/gclib/html/index) database to search for potential interacting genes and found that Myc was evidently a potential candidate (Fig. 4A) . Since Myc signaling is vital for proliferation and invasion in various tumors, we further searched for the association of BPTF and Myc in COXPRESdb and Oncomine databases. The results revealed that BPTF was co-expressed with MYCBP2 ( Fig. 4B and C) and MYCBPAP (Fig. 4D) , both of which are Myc-binding association proteins. According to these bioinformatics results, we further detected c-Myc expression, which is the core member of Myc signaling, in BPTF overexpressed or knocked down U251 cells. The results revealed that c-Myc mRNA and protein expression level were significantly increased in U251
BPTF-OE cells than the control cells but decreased in U251
BPTF-KD cells ( Fig. 4E and F) . These data indicated that BPTF promoted glioma proliferation and invasion via Myc signaling.
Discussion
Glioma can occur at any age, regardless of sex or ethnicity.
On the basis of their histopathology, gliomas are divided into grades I-IV according to the World Health Organisation (WHO) grading system (3, 16, 17) . Despite advances in surgery, radiotherapy and chemotherapy that have been achieved, current therapies against gliomas are still not effective enough and with poor long-term survival. Grades III and IV gliomas are more aggressive and difficult to treat owing to frequent dysfunction of tumor suppressors and oncogenes (18) . Therefore, the present study explored the role of BPTF as an oncogene in glioma and provided a potential option for prognostic prediction and targeted therapy of glioma. The present study by combining an online bioinformatics database and clinical specimens, first revealed that BPTF expression was highly expressed in gliomas and correlated with poor survival. These findings were consistent with previous research on other tumors, such as hepatocellular carcinoma (HCC), and lung and colorectal cancer (CRC) (13, 19) . We also explored Table II . Univariate and multivariate analyses of factors affecting overall survival (OS) in glioma patients.
Univariate analysis
Multivariate analysis the clinical significance of BPTF in glioma patients and found that the expression of BPTF in glioma tissues was correlated with histopathological grade and tumor size, indicating that BPTF expression may be related with glioma progression. The survival curves and univariate and multivariate analyses for survival also revealed that high BPTF expression was an independent risk factor affecting the prognosis of glioma patients, indicating that the elevated expression of BPTF could be a useful predictor for predicting prognosis of glioma patients. The clinicopathological and prognostic findings were also consistent with the researches in melanoma, HCC and CRC (12, 19, 20) . All this evidence indicated that BPTF may be a pan-oncogene in tumors, and extended the knowledge of the biological role of BPTF, especially in the field of tumor research. Notably, we also investigated the functional role of BPTF in glioma. Our in vitro experiments indicated that BPTF could increase the proliferation and invasiveness of glioma cells. BPTF was first identified and characterized in 2000 and was considered to play a role in hormonally-regulated, chromatin-mediated regulation of transcription during proliferation (8) . Then, further studies found that BPTF played an important role in embryo development, stemness maintenance and self-renewal capacity of stem/progenitor cells (21) (22) (23) . These known biological functions were revealed to be correlated with tumor progression. Research also found that BPTF was overexpressed in many cancer cell lines and had the ability to promote cancer cell growth (24) . In addition, further studies revealed the correlation of BPTF aberrant expression with cancer and found that BPTF could promote tumor cell proliferation, invasion and metastasis, thus resulting in poor prognosis (13, (25) (26) (27) . The present study also provided first-hand data of the promoting effect of BPTF on proliferation and invasion in glioma cells, which was consistent with studies in other types of cancers (24) (25) (26) (27) and not reported in glioma before.
The present study also explored the potential molecular mechanism of BPTF in glioma. The bioinformatics and online public databases provided a preliminary correlation of BPTF with Myc signaling. Since the study conducted in 2000 first found that BPTF could interact with the Myc-associated zinc finger protein, studies confirmed that BPTF was a crucial c-Myc co-factor and played a key role in c-Myc-mediated tumor progression. The present study also revealed the correlation and potential interaction of BPTF and c-Myc in glioma (11, 26, 28) . These data further indicated that BPTF may be a useful therapeutic target for c-Myc aberrantly-expressed tumors. The main shortcomings of our study are as follows: i) we did not conduct gain-and loss-of-function analyses for c-Myc with BPTF interference; ii) this study did not provide detailed molecular mechanism analysis of how BPTF regulated c-Myc in glioma; iii) we did not provide in vivo intervention experiments examining the therapeutic effect of BPTF inhibition. Therefore, our future research directions will be aimed at these shortcomings.
In summary, our results revealed that BPTF was overexpressed in glioma and could promote proliferation and invasion of glioma cells via Myc signaling. Moreover, BPTF may be a valuable prognostic marker and therapeutic target for glioma patients.
